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Summary In a case-control study of gastric cancer (GC) in high-risk and low-risk areas in Italy, 923 GCs
were reviewed by one pathologist and classified according to anatomic site. There were 68 (7.4%) cancers
occurring in the gastric cardia. Compared to other GCs, cardia cancer tended to occur more often in males
(sex ratio 2.8 vs 1.7) and as intestinal or unclassified histologic types. Nutritional factors for cardia tumours
resembled those of other GCs, showing inverse associations with the consumption of raw vegetables, citrus
and other fresh fruit, and ascorbic acid, and positive associations with the intake of traditional soups and
meat, protein and cholesterol, and preference for salty foods. Cigarette smoking and wine consumption were
unrelated to cardia cancer risk, and there was only a weak association with total alcohol intake. Cardia
tumours showed a greater familial occurrence of GC than did other sites, with a 7-fold increase in risk for
those reporting two first-degree relatives with GC. The authors discuss these findings in view of the rising
incidence of adenocarcinomas of the cardia and lower oesophagus that has been reported in some western
countries.
A long-standing downward trend has been reported for gast-
ric cancer (GC) in almost all countries of the world (Howson
et al., 1986). Recently, however, a rising incidence of cardia
tumours has been described in the United States and some
European countries (Blot et al., 1991; Moeller & Jensen,
1987; Powell et al., 1990). These divergent patterns suggest
that etiologic factors for cardia cancers differ from those for
other GCs. Few epidemiologic studies, however, have evalu-
ated risk factors according to GC site. In this report we
utilise data from a large case-control study of GC carried out
in Italy, in which 923 GCs were reclassified by one patho-
logist according to Lauren histologic type (Buiatti et al.,
1991) and to tumour location. A number of dietary factors
have been linked to GC in this multicentre study involving
high-risk and low-risk areas of Italy (Buiatti et al., 1989a,
1990). In this report we examine such associations by ana-
tomic site.
Materials and methods
Details of the study protocol have been published elsewhere
(Buiatti et al., 1989b, 1990). Briefly, all incidence cases of GC
with histologic confirmation, along with a random sample of
the resident population, were identified in four areas in Italy,
two with high risk (1: Forli, Cremona, Imola; 2: Florence,
Siena) and two with low risk (3: Genoa; 4: Cagliari). Inter-
views were conducted with 1,016 GC patients (83% of those
eligible) first diagnosed between June 1985 and December
1987 among residents aged 75 or less in the study areas, and
with 1,159 controls (81% of those eligible) randomly selected
from comparable sex and age strata of the same populations
(Buiatti et al., 1989b). Pathologists at each centre provided
the initial histologic confirmation for all cases. An indepen-
dent review of slides available for 923 GC cases was con-
ducted by one of us (S.B.) to categorise GC cases according
to the Lauren histologic classification (1965) and anatomic
subsite (Buiatti et al., 1991; Palli et al., 1991). Locations of
the cancers within the stomach were categorised as cardia,
gastric stump or other sites, according to information
abstracted from the original medical records and evidence
from the histologic specimens.
In the interview, a structured questionnaire was used to
obtain demographic data, family history of GC, personal
medical history, tobacco and alcohol use habits, and usual
frequency of intake and portion size in a 12-month period 2
years before the interview for 146 food and beverage items.
For each food, portion sizes consumed were categorised as
small, medium or large. Intakes of individual food items and
food groups were categorised into tertiles defined by weekly
frequency of consumption among controls. Levels of nutri-
ents and calories in each food were estimated using Italian
food tables (Fidanza & Versiglioni, 1988) for most nutrients,
and English tables or various Italian sources for the others
(McCance & Widdowson, 1978). For all subjects a comula-
tive average intake for each nutrient per day was computed
by summing values for each food. Intakes of nutrients were
then categorised into quintiles defined by daily consumption
among controls.
The measure of association between cardia cancer risk and
dietary and other factors was the odds ratio (OR) (Breslow &
Day, 1980). For comparison, ORs were also calculated for
other GCs. Both analyses utilised the same group ofcontrols,
including all non-resected subjects. To account for potential
confounding by factors shown to be significantly related to
total GC (Buiatti et al., 1989a), multivariate stratified logistic
regression analyses were conducted (SAS Institute, 1988). All
the regression models included terms for age (actual age in
years), sex, area (four study areas), place of residence (urban/
rural), migration from the south (yes/no), socioeconomic
status (low, medium and high, based on a combination of
occupation and education), familial GC history (0, 1, 2 +
first degree family members with GC), and Quetelet index
(tertile categories of weight/height squared; cut-off values:
23.4 and 26.3) along with the dietary or other variables of
interest. Total caloric intake (log-scale) was also included in
each model when nutrient intakes were considered.
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Results
Table I shows the distribution of the 923 cases of GC by site,
age and sex. There were 68 (7.4%) cardia, 36 (3.9%) stump
and 819 (88.7%) other site cancers. The sex ratios (M/F)
were 2.8 for cardia, 11.0 for gastric stump, and 1.7 for other
sites. Cardia tumours tended to arise at slightly younger age
(median 63 vs 65 years). Table II shows the distribution of
GC by sex and histologic type. In both sexes cardia tumours
were less frequently classified as diffuse and more often as
intestinal or unclassified compared to other sites. Table III
shows the distribution of GC sites by area of residence.
Because of a higher percentage of males and intestinal type
tumours in high-risk areas, the proportion of cardia cancers
was slightly higher in high-risk than in low-risk areas (7.7%
vs 5.5%).
The ORs for cardia and other sites were estimated accord-
ing to demographic and other variables. Because only 36
cases were classified as stump cancers, they were excluded
from further analysis, together with all controls who reported
Table I Distribution of gastric cancer cases by age, sex and site
Cardia Stump All others
Age n % n % n % Total
Males
<45 3 (10.3) 0 (0) 26 (89.7) 29
45-54 5 (5.6) 3 (3.3) 82 (91.1) 90
55-64 19 (10.4) 14 (7.6) 150 (82.0) 183
65 + 23 (7.8) 16 (5.4) 256 (86.8) 295
Total 50 (8.4) 33 (5.5) 514 (86.1) 597
Females
<45 0 (0) 0 (0) 14 (100) 14
45-54 4 (9.3) 0 (0) 39 (90.7) 43
55-64 7 (8.6) 1 (1.2) 74 (90.2) 82
65 + 7 (3.7) 2 (1.1) 178 (95.2) 187
Total 18 (5.5) 3 (0.9) 305 (93.6) 326
Table II Distributionof923 GCcasesaccording tosex, histologic type
and site
Intestinal Diffuse Mixed Unclassified
Males (%) (%) (%) (%)
Cardia 33 (66) 4 (8) 5 (10) 8 (16) 50 (100)
Stump 19 (58) 7 (21) 1 (3) 6 (18) 33 (100)
All others 299 (58) 105 (20) 35 (7) 75 (14) 514 (100)
Total 351 (59) 116 (19) 41 (7) 89 (15) 597
Intestinal Difuse Mixed Unclassified
Females (%) (%) (%) (%)
Cardia 10 (56) 2 (11) 2 (11) 4 (22) 18 (100)
Stump 3 (100) - (0) - (0) - (0) 3 (100)
All others 146 (48) 98 (32) 20 (7) 41 (13) 305 (100)
Total 159 (49) 100 (30) 22 (7) 45 (14) 326 (100)
Total 510 (55) 216 (23) 63 (7) 134 (15) 923 (100)
Table III Distribution of gastric cancer cases according to anatomic
site, and controls by study area
Site
Cardia Stump All others Total Controls
n n n n n
Area 1 22 16 294 332 371
(%) (6.6) (4.8) (88.6) (100)
Area 2 39 17 407 463 543
(%) (8.4) (3.7) (87.9) (100)
Area 3 2 0 51 53 137
(%) (3.8) (0) (96.2) (100)
Area 4 5 3 67 75 108
(%) (6.7) (4.0) (89.3) (100)
Total 68 36 819 923 1159
(%) (7.4) (3.9) (88.7) (100)
Areas 1: Forli, Imola, Cremona (highest risk); 2: Florence, Siena; 3:
Genoa; 4: Cagliari (lowest risk).
previous gastric surgery. For each site, risks decreased with
increasing social class, and were higher in residents of rural
than urban areas. The risk of other GCs was significantly
lower among persons migrating from the low-risk areas of
southern Italy, but no such effect was seen for cardia cancer
(OR= 1.3; 95% CI 0.5-3.4).
The risks for cardia and other GCs were elevated in
association with a familial history of GC (Table IV). The
risks were highest for cardia tumours, although not signi-
ficantly different from other sites; four of the five cardia cases
reporting two or more first degree relatives with GC were
classified as intestinal according to Lauren, and one was
unclassified. The risks for cardia and other GCs declined as
the body mass index (weight/height-squared) increased.
Our earlier analyses (Buiatti et al., 1989a) linked GC to
certain diet-related variables, including ownership of a freezer
(yes/no), age at which a refrigerator was obtained, habit of
storing foods in the refrigerator (often/seldom), usual con-
sumption of frozen foods (low, medium, high), and habit of
adding salt (never/often) and taste for foods (low salt/
normal/salty). Separate analyses of these variables revealed
similar ORs for cardia vs other GCs, although a stronger
increase in risk for cardia tumours was associated with
preference for normal (OR = 3.3; 95% CI 1.1-9.3) or salty
foods (OR = 3.2; 95% CI 1.1-9.9) vs low salt foods.
Table V shows ORs for the highest compared to the lowest
tertile of intake of 17 food groups. Each food group was
included in a separate model, adjusting for the matching
variables and the main confounders. The ORs were similar
for cardia and other GCs, showing increased risks associated
with the consumption of traditional soups, meat and salted/
dried fish, and decreased risks associated with raw vegetables,
citrus and other fresh fruit.
Table VI presents the ORs associated with smoking and
alcohol consumption. Cigarette smoking was evaluated using
Table IV ORs and 95% CI for gastric cancer by site associated with
familial history of GC and Quetelet index
Cardia All others
ORa 95% CI ORa 95% CI
Familial historyb
None 1.0 - 1.0
1 1.2 (0.5-2.5) 1.8 (1.4-2.3)
2 + 7.8 (2.6-23.3) 4.9 (2.6-9.3)
Quetelet indexc
Low 1.0 1.0
Medium 0.9 (0.5-2.1) 0.9 (0.8-1.2)
High 0.5 (0.3-0.99) 0.7 (0.6-0.9)
aORs adjusted for variables included in the basic model (see text);
bNumber offirst degree relatives reported with gastric cancer; 'Tertiles
(kgmt-2).
Table V ORs and 95% CI for gastric cancer by site associated with
highest compared to lowest tertile of consumption of various food
groups
Cardia All others
ORa 95% CI ORa 95% CI
Bread and pasta 0.8 (0.4-1.5) 1.0 (0-8-1.3)
Traditional soups 2.8 (1.3-6.0) 2.4 (1.9-3.1)
Meat 1.9 (1.0-3.7) 1.7 (1.4-2.2)
Cold cuts 1.2 (0.6-2.4) 1.3 (1.0-1.7)
Salted/dried fish 1.7 (0.9-3.1) 1.5 (1.2-1.8)
Other fish 0.7 (0.4-1.2) 1.0 (0.8-1.3)
Milk/dairy products 1.1 (0-9-1.3) 1.1 (1.0-1.2)
Seasoned cheeses 1.0 (0.5-2.0) 1.2 (1.0-1.6)
Raw vegetables 0.4 (0.2-0.8) 0.6 (0.3-0.8)
Cooked vegetables 1.5 (0.8-2.8) 1.1 (0.9-1.4)
Beans 1.0 (0.5-1.8) 0.8 (0.6-1.0)
Spices 0.8 (0.4-1.6) 0.7 (0.5-0.8)
Onion/garlic 0.7 (0.3-1.4) 0.8 (0.6-1.0)
Citrus fruit 0.3 (0.2-0.6) 0.6 (0.4-0.7)
Other fresh fruit 0.2 (0.1-0.5) 0.4 (0.3-0.6)
Dried fruit 0.8 (0.4-1.6) 1.0 (0.8-1.2)
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Table VI ORs and 95% CI for gastric cancer by site associated with
consumption of wine, alcohol intake and smoking history
Cardia All others
ORa 95% CI ORa 95% CI
Wine consumptionb
Never 1.0 - 1.0
Less than twice/day 0.8 (0.3-2.3) 0.8 (0.6-1.2)
Twice/day or more 1.3 (0.6-2.6) 1.2 (0.9-1.5)
Alcohol intake
Low (lowest quintile) 1.0 1.0
High (highest quintile) 1.4 (0.7-3.7) 1.0 (0.7-1.2)
Smoking history
Never 1.0 1.0
Current 1.1 (0.6-2.3) 0.9 (0.7-1.1)
Ex-smoker 1.1 (0.5-2.2) 1.1 (0.8-1.4)
aAdjusted for the variables in the basic model but not other food
groups. bTimes per day.
categories of never, current and ex-smokers, along with an
index of pack-years of smoking among current and ex-
smokers. Among current- or ex-smokers no increased risks of
either cardia or other GCs were found. Results were similar
when using other smoking history variables, such as pack-
years. No significant increase in risk was shown with increas-
ing consumption of wine. For cardia tumours, however, risk
was highest (OR = 1.4; 95% CI 0.7-3.7) among those in the
highest quintile of total alcohol intake.
Although they reported lower body mass indices in the
period investigated by the questionnaire (2 years before the
interview), the cases with other GCs tended to consume more
calories than did controls, while no relation was seen for
cardia tumours. In Table VII, ORs adjusted for caloric
intake are shown for the highest compared to the lowest
quintile ofconsumption of 12 nutrients. The ORs were gener-
ally similar for each site, with protective effects for ascorbic
acid and alpha-tocopherol, and increased risks for the intake
of protein, cholesterol, nitrites and starches. However, confi-
dence intervals tended to be wider for cardia cancer.
Table VIII examines risks associated with animal vs veget-
able fat, and animal vs vegetable protein. For both sites, an
elevated risk was associated with high total protein intake
(due entirely to animal protein), while a protective effect was
associated with high vegetable fat intake.
Table IX shows a multivariate analysis in which the effects
of dietary factors are adjusted for other factors. Included in
the model were potential risk factors involved in nitrosation
(protein and nitrites), and potential inhibitors in the form of
anti-oxidants (ascorbic acid, beta-carotene and alpha-toco-
pherol). Vegetable fats were not included, because of their
colinearity with alpha-tocopherol. In this multivariate model,
decreased ORs were associated with ascorbic acid and alpha-
tocopherol for both cardia and other GCs. Protein intake
Table VII ORs and 95% CI for gastric cancer by site associated with
highest compared to lowest quintile of intake of various nutrients
Cardia All others
ORa 95% CI ORa 95% CI
Protein 3.6 (1.0-13.4) 2.5 (1.5-4.1)
Ascorbic acid 0.4 (0.2-0.8) 0.5 (0.3-0.6)
Alpha-tocopherol 0.7 (0.3-1.6) 0.5 (0.4-0.7)
Beta-carotene 0.8 (0.4-1.6) 0.6 (0.5-0.8)
Retinol 1.9 (0.9-4.1) 1.1 (0.8-1.4)
Nitrites 1.4 (0.5-4.1) 2.0 (1.3-2.9)
Nitrates 1.1 (0.6-2.3) 0.7 (0.6-1.0)
Fat 1.2 (0.4-3.0) 0.5 (0.3-0.8)
Cholesterol 3.2 (1.4-7.3) 1.2 (0.9-1.7)
Carbohydrates 0.4 (0.1-1.5) 1.0 (0.6-1.6)
Starches 1.6 (0.5-4.7) 1.7 (1.2-2.6)
Calcium 0.9 (0.4-2.1) 1.0 (0.7 1.3)
aAdjusted for the variables in the basic model and kilocalories
(log-scale), but not other nutrients.
Table VIII ORs and 95% CI for gastric cancer by site associated with
highest compared to lowest quintile of intake of pairs of selected
nutrients
Cardia All others
ORa 95% CI OR 95% CI
Animal proteina 2.6 (1.2-5.8) 1.9 (1.4-2.5)
Vegetable proteina 0.5 (0.2-1.2) 1.0 (0.8-1.4)
Animal fatb 2.1 (1.0-4.3) 1.9 (1.4-2.5)
Vegetable fatb 0.5 (0.3-1.1) 0.6 (0.4-0.8)
aORsderivedfromalogisticmodelincluding termsforthevariablesin
the basic model plus kilocalories (log-scale), animal and vegetable
proteins; bORs derived from a logistic model including terms for the
variables in the basic model plus kilocalories (log-scale), animal and
vegetable fats.
Table IX ORs and 95% CI for gastric cancer by site associated with
highest compared to lowest quintile of intake of five selected nut-
rients
Cardia All others
ORa 95% CI OR 95% CI
Protein 5.1 (1.2-21.4) 3.1 (1.8-5.3)
Nitrites 0.9 (0.3-2.7) 1.2 (0.8-1.9)
Ascorbic acid 0.3 (0.1-0.7) 0.5 (0.4-0.7)
Beta-carotene 1.1 (0.5-2.7) 0.9 (0.6-1.2)
Alpha-tocopherol 0.8 (0.3-2.1) 0.7 (0.5-0.97)
aORsderived from logisticmodelsincluding terms for thevariables in
the basic model plus kilocalories (log-scale) and the five nutrients
(log-scale).
was a strong risk factor for both sites, while no association
was shown with nitrite and beta-carotene.
The small number of cardia tumours precluded a meaning-
ful analysis by histologic type, either for dietary or familial
histories.
Discussion
In this population-based case-control study of GC in high-
risk and low-risk areas of Italy, the number of subjects was
sufficiently large to evaluate risk factors according to ana-
tomic site. The cardia tumours, which represented less than
10% of the total, occurred proportionally more often in men
than women, and were more frequently intestinal or unclass-
ified and less often diffuse, when compared to distal sites in
both sexes. Risk factors for cardia and other tumours were
found to be very similar. No effect was found for smoking at
either site and only a weak association with alcohol con-
sumption was present for cardia tumours. Cardia tumours
also showed a greater familial occurrence of GC than did
other sites, but the difference was not statistically significant.
Our findings are interesting in view of the rising trend in
the incidence rates for adenocarcinomas of the gastric cardia,
gastro-esophageal junction and lower oesophagus that has
been reported recently in the United States (Blot et al., 1991;
Yang & Davis, 1988) and northern Europe (Moeller &
Jensen, 1987; Powell et al., 1990), with cardia tumours
representing up to 50% of the total GC incident cases among
males. However, no appreciable trend over time has been
observed for cardia tumours in the French-speaking Swiss
canton of Vaud (Levi et al., 1990). We do not have inform-
ation on incidence trends for cardia cancer in Italy, but the
relatively low percentage (7.4%) in our series suggests that,
as of the mid-1980s, a large increase has not occurred. In our
study the sex-ratio for cardia cancer was higher than for
other sites, but not to the extent reported elsewhere (Mac-
Donald & MacDonald, 1987; Yang & Davis, 1988). How-
ever, in the high-risk Japanese population, the sex-ratio (3.0)
and prevalence (5.7%) for cardia tumours resemble what we
have observed (Unakami et al., 1989).
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according to anatomic site, including the cardia. We found
no association with smoking nor with high wine consumption
for cardia tumours, although a weak effect was suggested for
total alcohol intake. In Japan, alcohol consumption was not
associated with cardia or other GC tumours, but a smoking
effect was suggested for cardia (Unakami et al., 1989). In
China, alcohol consumption was too low to be evaluated, but
smoking appeared to be weakly associated with cardia
tumours (Li et al., 1989). In Los Angeles, a population-based
study of young male GC patients (<55 years of age) noted
an effect of alcohol consumption and smoking, most notably
for cardia tumours (Wu-Williams et al., 1990). The consensus
of evidence from all investigations, however, is that alcohol
and tobacco consumption are at best only weakly related to
cardia cancer, in contrast to the strong effects documented
for squamous cell carcinoma of the oesophagus (Blot et al.,
1991).
In our study risks associated with specific foods or food
groups and nutrient intakes were remarkably similar when
comparing cardia and distal tumours. These include the pro-
tective effects of raw vegetables, citrus and other fresh fruit
and ascorbic acid, along with the risks imparted by the
consumption of traditional soups and meat, as well as pro-
tein and a preference for salty foods. In Los Angeles, a
significantly increased risk was associated with high con-
sumption of beef for cardia but not other GCs (Wu-Williams
et al., 1990). However, in China, where consumption of meat
is low, no clear dietary factor was found for cardia tumours
(Li et al., 1989).
In summary, this population-based case-control study of
GC in Italy revealed no evidence that specific nutritional or
other risk factors differentially affected the cardia vs distal
sites. However, the proportion of cardia tumours is much
smaller than in other western countries that have recently
experienced remarkable increases in the incidence of adeno-
carcinomas of the cardia and lower oesophagus. Further
research on environmental and host determinants of these
emergent tumours is urgently needed.
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